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INTRODUCTION

A workshop to explore the use of the Space Infrared Telescope Facili ty (SIRTF) for
scientific observations of Solar System bodies and dust disks around young stars was
held at Dana Point, CA, on August 18-20, 1999.  Both uses of SIRTF have special
requirements. The workshop afforded the opportunity for project scientists and engineers
to meet with the potential users of SIRTF to discuss those special requirements, and for
the users to learn details of the capabiliti es of the SIRTF telescope and its three
instruments for specific science objectives.

The workshop opened with presentations about the SIRTF facili ty and its instruments,
with special emphasis given to observations of Solar System bodies and stars with dust
disks.  There were also presentations on the SIRTF Science Center (SSC), located on the
Cali fornia Institute of Technology campus, on the use of SIRTF by the general
astronomical community, Legacy Science projects, observer support, data processing, etc.

The SIRTF web page is a fundamental resource for this information.  A SIRTF Overview
and Solar System Capabiliti es summary is posted there, prepared by the SIRTF and SSC
staff specifically for the Dana Point workshop:

 http://sirtf.caltech.edu
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Following the engineering presentations, individual science topics in Solar System and
circumstellar disk studies, with specific reference to the use of SIRTF, were described by
experts in specific areas of research.   Small working groups also met to focus on specific
topics, and to discuss with project engineers and representatives of the instrument teams
the particular issues of telescope, spacecraft, and instrument performance related to
astronomical objects of their special interest.  On the final half-day of the workshop, open
issues between the scientists and the project engineers were discussed; several were
resolved or taken as action items.

A number of participants contributed posters relating their scientific results from
observations with IRAS, ISO, HST, and ground-based telescopes.

This report is organized primarily by science topic, each of which is followed by a
description of operational and instrumental issues specific to that topic.  The final section
of the report consists of recommendations to the SIRTF Science Center.  We believe that
these recommendations will enhance and hasten the effective use of SIRTF and all it s
instruments for studies of the Solar System and circumstellar dust disks.

We anticipate that several Legacy Science proposals will be forthcoming from the Solar
System and circumstellar disk communities.

This report will be placed on the SIRTF web site for which the URL is given  above.

THE SOLAR SYSTEM

Planets with Atmospheres and Titan

A.  Planets with Atmospheres

The major planets have atmospheres that exhibit diurnal, seasonal, and secular changes of
interest.  Venus cannot be observed by SIRTF because of solar elongation restrictions.
Mars can be observed, but this planet will be under close scrutiny during the SIRTF
epoch by means of spacecraft, with the goal of sample returns and an eventual human
presence on the surface.

Jupiter will be studied by the Cassini spacecraft during its flyby in December, 2000 -
January 2001, with the expectation that the CIRS (infrared spectrometer) will map the
planet over most of the SIRTF spectral range beyond 7 µm with spectral resolution
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comparable to that of SIRTF.  The Cassini VIMS (visible-infrared mapping spectrometer)
will map the planet in the 0.3-5 µm range.  Subsequent observations by SIRTF can
provide a useful seasonal context to extend the Galil eo and Cassini missions by up to half
a Jovian year.

Saturn can be studied usefully by SIRTF in preview surveys for the Cassini mission,
which will arrive at Saturn in 2004.  Pre-Cassini SIRTF opportunities for Saturn
observations occur in 9/02, 3/03, 10/03, and 3/04, and there may be merit in coordinated
observations by SIRTF in the four-year period during which Cassini is functioning in
orbit around the planet.

Fig. 2   A spectrum of Saturn observed with the Short Wavelength Spectrometer (SWS) on the ISO
spacecraft, showing emission of ethane and acetylene, and a synthetic spectrum modeled with these
gaseous emission lines.  The SIRTF IRS spectral resolution element (R = 600) is shown for comparison.
Adapted from de Graauw et al., Astronomy and Astrophysics 321, L13, 1997.

Uranus and Neptune can be considered the prime Solar System planetary targets for
SIRTF.  There are no missions to these planets expected in the foreseeable future, and
although both Voyager and ISO have detected important spectral li nes and bands, there is
much more work to be done.  Uranus presents a unique viewing geometry in the interval
2005-2011 because of the seasons; the planet displays northern spring and southern
autumn simultaneously and will be observable from pole to pole.   The satellit es are fully
observable from pole to pole, as well .  Although Uranus' disk is only 3.7 arcsec in
diameter, the IRAC and the IRS (short-low mode) may be able to distinguish the northern
and southern hemispheres.  Images at 5 µm may show hot spots in Uranus' atmosphere,
as on Jupiter.
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Neptune is a highly variable planet on many timescales (diurnal, episodic, seasonal, and
secular), and although its disk is only 2.3 arcsec in diameter, rotational l ightcurves in
various wavelengths and in spectral windows, particularly when coupled with high-
resolution views from HST and seeing-corrected telescopes make it possible to discern
the effects of atmospheric features.

Studies of Uranus and Neptune include spectroscopic study of the atmospheric
composition, cloud vertical distribution, and thermal structure (hemispheric and diurnal
variations). Atmospheric constituents of particular importance are He, H2O, CO2, and N2,
as well as the dynamically and photochemically important species PH3, numerous
hydrocarbons, and the ortho/para ratio in H2 via the 17 µm and 28 µm lines.

B.  Titan

Titan, Saturn's largest satellit e, has a dense, chemically active atmosphere of direct
interest to broad questions of the origin and nature of planetary atmospheres, and to
astrobiological studies.  Titan was studied extensively by Voyagers 1 and 2, and
important spectroscopic work was accomplished by ISO.  This body is the target of
numerous curent studies from Earth- and space-based telescopes, and the Huygens entry
probe of the Cassini mission to the Saturn system.  Cassini arrives at Saturn and Titan in
2004.  SIRTF can contribute to studies of Titan by making observations before the arrival
of Cassini-Huygens, and can help establish the context for that investigation.  In
particular, the condition of Titan's atmosphere at the time of the Huygens probe entry will
be important to establish observationally.  Beyond that, SIRTF and the Cassini orbiter
will operate contemporaneously for most of the duration of each mission.  Although the
Cassini spacecraft has spectroscopic and radiometric instruments of great capabili ty,
useful SIRTF  observations will i nclude spectra at the highest resolution afforded by the
IRS, and global thermal observations with the MIPS.

Although SIRTF cannot resolve the 1-arcsec diameter disk of Titan, observations by
SIRTF over a broad time base will contribute to the sampling of the satellit e's ~30-year
seasonal cycle, to help elucidate atmospheric changes that are expected to occur on a
global scale.  At the time of SIRTF launch, the northern hemisphere of Titan will be in
mid-winter; the northern spring equinox occurs at the end of 2009, a about the time of the
end of the Cassini investigation.  Different pressure levels in Titan's atmosphere have
greatly differing radiative response times, ranging from days (high stratosphere) to about
30 years (lowest troposphere).

Mid-IR spectroscopy will contribute to the search for hydrocarbons and nitriles that have
diagnostic spectral features in the regions covered by the IRS. Temperature "sounding" of
the atmosphere through spectroscopic observations of key molecular absorptions and
emissions provides information on the surface (in selected atmospheric windows) and in
the tropopause.
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The search for, and study of water, both on the surface and in the atmosphere, falls within
the IRS capabili ty.  Atmospheric water bands occur in the range 275 - 310 cm-1 (32-37
µm), which is covered by IRS.

Operational Issues

Saturation is a concern for observations of Jupiter and Saturn.  Potential users need to
have information on the actual saturation limits for each instrument, in order to assess
feasibili ty of observing programs. Development of linearity corrections that will allow
higher dynamic range may help.

For spectroscopy, the inabili ty to orient a specific IRS slit limit s the kind of spatially
resolved observations that can be obtained, until the IRS scan mode is implemented.  Slit
orientation is less important for Titan, Uranus and Neptune, which subtend small angular
diameters.  However, the continuously changing orientation of Titan with respect to
Saturn and the rings may be an issue of concern as it relates to slit l ength and orientation.

Many planetary observations are time-dependent to varying degrees, and must be
performed at specified absolute times or during a specified time interval.

 Observations of satellit es near their planets (including Titan when near the conjunctions)
requires knowledge of the PSF at various wavelengths and  its possible variation over the
duration of the mission.  The challenges to observations of Titan include the issues of the
system's diff raction limit and the stray emission from Saturn and the rings.  Titan's
maximum distance from the planet and rings is ~ 3 arcmin at eastern and western orbital
elongations, but at other positions in its orbit it is much closer.  For comparison, the
radius of the 2nd null i n the diff raction-limited beam (~2.4 λ/D) for MIPS at 160 µm is
93 arcsec, MIPS at 70 µm is 41 arcsec, and IRS at 37 µm is 22 arcsec.  Titan's axial
rotation is locked in synchronism with its orbital revolution, so important parts of the
atmosphere/surface are available only near superior and inferior conjunctions.  It will
therefore be necessary to observe as close to the planet as the scattered light field and the
diffraction characteristics at each wavelength will permit.  This in turn requires that the
stray light and PSF of the system be mapped carefully.

Pluto and Triton

A.  Pluto

Pluto and its satellit e Charon are an unresolved source with a temperature of ~40 K.
Various ices have been detected on these bodies in the near-IR (Pluto: N2, CO, CH4, H2O;
Charon: H2O and possibly NH3), several other molecules are predicted on the basis of
photochemistry of the thin atmosphere of Pluto and of its surface ices.
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Pluto is just a few years past perihelion, and is slowly receding from the Sun.  Its axial
orientation produces a strong seasonal variation in insolation.  The heliocentric distance
of Pluto varies from 30.46 AU (January 2002) to 31.20 AU (January 2007) during the
nominal SIRTF mission. Observations with SIRTF will help establish a baseline for
future studies.

Reflected sunlight from Pluto should be measurable in the short wavelength end of the
IRS range, out to about 9 µm, giving access to the 7.7 µm CH4 band and spectral features
of other hydrocarbons and nitriles.  Spatial studies of this spectral region can be made as
Pluto rotates on its axis with its 6.4-day period.  While the stratosphere of Pluto's thin
atmosphere is not "strong", it is possible that stratospheric emissions of CH4 and its
photoproducts might be detectable with the IRS.

At wavelengths beyond about 20 µm, the thermal emission of Pluto can be detected by
SIRTF.  The thermophysical properties of Pluto can be studied, in an extension of work
accomplished with ISO observations.  This will require rotational l ightcurves at 24, 70,
and 160 µm, plus the MIPS SED mode.

B.  Triton

Neptune's largest satellit e, Triton, is comparable to Pluto in many ways (composition,
mean density, temperature, dimensions, rotational period).  Its maximum angular distance
from Neptune is 17 arcsec.  Triton was extensively studied by Voyager 2, and has been
observed spectroscopically in the near-IR from Earth.  Stellar occultations by Triton have
given interesting information on the atmospheric density and structure; there is growing
evidence that the atmospheric pressure is increasing, probably as a result of the satellit e's
extreme seasonal cycle that is presently at a peak of "summer" in the southern
hemisphere.

Most of the science objectives for Triton are the same as those for Pluto, and include
spectroscopy in the short-low module of the IRS to study the 7.7 µm CH4 band and
search for photochemical products in the thin atmosphere and on the surface.
Observations of Triton in its present extreme seasonal state can provide baseline
information on its thermophysical properties to which future studies can be compared.
Thermal li ghtcurves at 24 and 70 µm, and in the MIPS SED mode are desirable over
Triton's 5.9-day rotational period.

Operational Issues

Pluto can probably be observed as an inertial target because of its very small motion on
the sky when seen near quadrature (<2 arcsec/hour).  Shadow observations at thermal
wavelengths will be required.  Issues of slit orientation do not arise; Charon lies 0.9
arcsec from Pluto, and will be included in the FOV with all i nstruments, including the
IRS.
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Triton lies very close to Neptune, so an accurate mapping of the PSF and minimization of
scattered light is important.  Shadow observations at thermal wavelengths will be
required.  Observers will need to know under what conditions they must map the
scattered light field at the time of their observations, and when they can rely upon the
map and model.

The SED mode of MIPS is needed for both Pluto and Triton observations.

Issues of ephemeris heritage and time-constrained observations, as with Titan and the
giant planets, apply to Pluto and Triton as well .

Planetary Satellites

Many planetary satellit es are suff iciently bright to be observed with SIRTF.  Some are
logical spectroscopic targets, but many others can be imaged with the MIPS and IRAC
instruments.  In addition to the "classical" satellit es  of the planets that have been found
over the years with ground-based telescopes, the giant planets have numerous small
satellit es that lie in orbits very close to the planet.  All four giant planets also have
"irregular" satellit es, presumed to be captured objects, that lie in distant orbits.

The classical satellit es of Jupiter will be of interest in all IRS bands. The four Galil ean
satellit es have been extensively studied by the Galil eo spacecraft and from the HST;
SIRTF studies will supplement and extend the time base of that work.  IRS and MIPS
observations of all eight irregular satellit es of Jupiter are feasible, but the innermost
satellit es are too close to the overwhelmingly bright planet.

The classical satellit es of Saturn will be studied by the Cassini spacecraft, starting in
2004.  All of them are within range for some or all of the IRS bands, all of the IRAC and
MIPS bands.  Spectroscopic studies will be of particular interest to discern non-H2O ice
components of their surfaces, while radiometric studies over the full MIPS range can
shed light on their thermophysical properties.  The innermost satellit es cannot be readily
distinguished from the rings by SIRTF (at least one is imbedded in the rings).

The classical satellit es of Uranus can be measured by the long-low IRS band and all of
the MIPS and IRAC bands, provided they can be distinguished from the radiation of the
planet.  The most distant classical satellit e is 45 arcsec from Uranus.  Several more
distant satellit es of Uranus have been found in recent years, but they all lie near or below
the sensitivity limits of all SIRTF instruments, with the possible exception of the three
longest wavelength MIPS bands.  Radiometric measurements at 24, 70, and 160 µm
would be useful in determining the dimension and albedos of these objects.  The
innermost Uranian satellit es are too close to the planet for SIRTF observations.
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Neptune's satellit e Triton has been discussed above.  Nereid, the only known irregular
satellit e, can be measured in the longest half of the IRS long-low band, and by MIPS in
SED and the longest discrete bands.  Water ice is known on Nereid, and a spectrum from
20-40 µm would be of interest.  Radiometric observations will help us understand the
thermophysical properties of this object, if they can be obtained for a full rotation of
Nereid; the rotation is thought to be chaotic.  The innermost satellit es of Neptune are too
close to be distinguished by SIRTF.

Mars' two satellit es are easily detectable with SIRTF in all bands and all i nstruments, but
they lie very close to the planet.  The more distant, Deimos, reaches a maximum
elongation of ~1 arcmin from Mars.  Phobos, in particular, has been studied extensively
from spacecraft, both at reflected light and thermal wavelengths.  Mars reaches two
favorable oppositions during the SIRTF epoch, August 27, 2003, and October 30, 2005,
although observations must be made at or near the preceding or following quadratures.
The long-wavelength thermal SED will provide information on the thermophysical
properties of the surface.

Operational Issues

Planetary satellit es move at complex but predictable rates, and their ephemerides are
generally well determined.  Timing of observations to catch the satellit es near their
maximum elongations will be necessary for some objects, thus emphasizing the need to
be able to specify absolute times for some observations.

Comets

Comets are a reservoir for the least-altered material surviving from the time of Solar
System formation.  Because they formed in the outer solar nebula, where the temperature
remained low, cometary nuclei may have incorporated not only interstellar (IS) dust, but
even IS ices. The sensitivity of the SIRTF instruments opens the door to exploring
comets at large heliocentric distance, beyond the zone of water ice sublimation, including
objects in the Kuiper Disk.  Dust structures and the thermal spectral energy distribution
(SED) in active comets at smaller R can also be studied with SIRTF over a wide dynamic
range in brightness.

Some of the science questions that can be addressed with SIRTF are:  What is the
composition of cometary dust and how does it relate to IS and circumstellar (CS) dust?
What is the size distribution of the dust?  How do comet trails form?  What is the nature
of comet activity at large R?  What are the sizes and thermal properties of comet nuclei?
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Fig. 3   Thermal emission image of Comet Encke at 12 µm with the ISO ISOCAM instrument, showing the
nuclear region, the coma, and two distinctly different dust distributions.  In the comet’s tail , medium-size
grains ejected by the gas activity of the nucleus dominate, and the tail i s blown mostly in a direction
opposite the Sun.  In addition, somewhat larger particles are ejected at very low velocity, and slowly drift
away from the nucleus, defining a plane in the comet’s orbit. Courtesy W. Reach, M. Sykes, J. Davies, and
D. Lien.

IRAC:  Spatial maps of the coma will t race dust structures to faint sensitivity limits,
giving insight into how the dust disperses into interplanetary space and how dust trails
form.  The coma brightness will cover a very wide dynamic range and may even saturate
in the central core.  Thus, it is crucial to understand the real saturation limits, how data
can be retrieved from "soft" saturation and how the detectors respond after scanning
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across the bright central core.  An important science goal will be to compare IRAC maps
with MIPS maps to delineate regions of large versus small grains in the coma. This will
require observations close in time with MIPS and IRAC.  IRAC can also be used to
image distant comets, to seach for a faint coma indicative of nucleus activity.  For this
purpose the PSF has to be well -known.

IRS:  The ISO spectrometer demonstrated the value of mid-IR spectra for determining the
composition of dust. Especially the 16-30 µm range contains key signatures of sili cate
mineralogy relevant for comets.  Because the position of a moving object will have some
uncertainty, peaking up on the source is important.  There is a need to understand better
the performance of the peakup array. Can the peakup algorithm handle an extended
object with 1/d brightness gradient?  Will t he peakup work on a saturated source?  Can
one peak up on a fixed source and offset to a moving target?

A fundamental problem is that the long- and short- slits do not have the same orientation;
they are nearly perpendicular. Thus, obtaining a spectrum of a specific region of the coma
requires scanning the slits across the object.  This can be accomplished with the IRS scan
mode.  Some means of simple step/stare mapping is needed until this AOT is available.

The effects of saturation and the extent of the nonlinear region before reaching full well
capacity need to be understood, since the central pixels may saturate while obtaining a
spectrum of the coma.

MIPS:  The long-wavelength capabiliti es of MIPS are very relevant to the study of
comets, especially the sensitivity to the largest grains, the lowest temperatures, and the 65
µm water ice band.  MIPs can determine the abundance and spatial distribution of icy
grains and of large grains not sampled at shorter wavelengths where the emission from
smaller, warmer grains dominates.  The SED mode is particularly useful for this purpose;
this AOT should be implemented as soon as possible.  Shadow observations (observing
the same field after the comet has moved) are especially important for MIPS.  MIPS
observations can help determine the size and albedo distributions of comet nuclei, comet
asteroid transition objects, Centaurs and Kuiper Disk objects.  MIPS can potentially
detect dust clouds resulting from colli sions in the asteroid belt or Kuiper Disk.

In order to realize the potential of these long-wavelength observations for an active
comet, it is criti cally important to have near-simultaneous observations at shorter
wavelengths, before the grain population in the coma has changed.  This requires
consecutive observations with MIPS and IRAC on time scales of a few hours.

Comet P/Encke – This well-known comet will make a close (0.2 AU) pass by SIRTF in
November 2003.  This will be a unique opportunity for near-simultaneous 3-station
viewing from SIRTF, Earth, and NASA's CONTOUR spacecraft. A detailed observing
scenario was presented by Bill Reach.  Observations with all three instruments in rapid
succession (within hours) are necessary to realize the science from this unique
opportunity.
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Operational Issues

Accurate ephemerides are essential to finding and positioning the SIRTF fields of view
correctly.  The SSC needs a close connection to the JPL NAIF operation to ensure that
ephemerides can be provided for newly discovered objects and for previously known
objects, with the capabili ty of late updates.  Users desire to verify the orbital elements
and ephemerides being used.

The time required to change instruments, under normal operations, needs to be
understood and publicized to the user community and ways to minimize the changeover
time, consistent with managing helium consumption and other constraints, need to be
considered.  In the AOR process, there should be a way to link observations with more
than one instrument and to set a flag for those observations needing a rapid instrument
changeover.

Targets of Opportunity:  Several new comets will li kely appear over the li fetime of
SIRTF.  Procedures for responding to targets of opportunity need to be clearly defined.
A newly discovered comet at large heliocentric distance may be a more appropriate target
for SIRTF than a bright comet near 1 AU.  For example, the central region of  Hale-Bopp
would generally be too bright to observe.

Effects of saturation need to be understood for all three instruments, since the central core
of a comet may saturate during observations of the coma.

The capabili ty will be needed to repeat the observations of a moving target along the
identical track after the target has moved (shadow observations).

A Core Sample Through the Solar System

Primitive Solar System bodies -- the remnant planetesimals and their colli sional products-
-are spread throughout the Solar System, from near-Earth objects to the Kuiper Disk and
beyond.  Understanding the composition, size distribution, and evolution of these objects
is an important goal of Solar System science.

One observing program that could eff iciently study primitive bodies and their colli sional
products is a "core sample" through the Solar System.  A deep survey of an area
approximately one square degree near the ecliptic, with the proper geometry, will
simultaneously sample several populations of primitive objects and their debris.  By
scheduling the survey fields appropriately, data on main-belt asteroids, NEOs, asteroidal
dust bands, comet trails, Trojan asteroids, KBOs, Earth's traili ng dust cloud, and fine
structure and seasonal variations in the zodiacal dust cloud can all be obtained.  The deep
survey needs to be performed with both MIPS and IRAC, in order to obtain the SED. The
classes of objects are discussed more fully in the following sections.
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Asteroids

The present asteroid size distribution provides important constraints on models of the
original size distribution of the planetesimals and their colli sional evolution.  It is also an
essential datum in modeling the numerical size of the population of near-Earth asteroids
(NEAs) and accounting for their evolution from the main belt into Earth-orbit-crossing
orbits.

Currently there are about 11,000 numbered asteroids plus an additional 40,000 with at
least preliminary orbits. Measured diameters and albedos are available for about 2,000,
mainly objects larger than 10 km diameter.  Estimates for the total number of main belt
asteroids with diameters greater than 1 km range from a few hundred thousand to a
couple of milli on.  A main belt asteroid with a diameter of 1 km and a typical albedo has
a flux density of about 1 mJy at a wavelength of 10 µm. Hence, these objects are an
unknown, but potentially large, source of confusion at mid-infrared wavelengths.

A typical 1 km main belt asteroid has a V mag between 22 and 25. It would be a
straightforward program to survey, at visible wavelengths, all asteroids in given regions
of the sky brighter than this limit . However, magnitude data alone cannot be used to
derive accurate asteroid diameters. This is because the absolute brightness of an asteroid
depends upon its albedo and cross section and asteroid albedos range from 0.02 to 0.5.
Moreover, there may be systematic trends of albedo with size.

Observing thermal emission, and thereby avoiding the severe albedo bias present in
visual surveys, allows us to obtain an accurate distribution of asteroid diameters.
Consider two otherwise equal asteroids, one with an albedo of 0.02 and the other with an
albedo of 0.5. Their visual brightnesses would differ by a factor of 25 but the radiated
thermal flux at 12 µm would differ by only a factor of 1.27.

Thus, determination of the actual asteroid size-frequency distribution for diameters
between a few hundred meters and 10 km is best done at wavelengths between about 8
and 70 µm.  IRAC and MIPS will be able to detect main-belt asteroids down to a few
hundred meters in size.

Determination of asteroid dimensions and albedo depends upon near-simultaneous
measurements of the thermal flux and reflected sunlight flux.  In the case of SIRTF, this
means that observations with the short wavelength IRAC camera and one of the MIPS
channels are needed for the same field with a minimum time delay.

The long-wavelength SED for a sample of asteroids of different classes will be important
for understanding the surface thermophysical properties.
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Fig. 4  These are histograms of model asteroids found in a 4 sq deg area at 90 deg solar elongation
centered on the ecliptic. The vertical li nes labeled “ Completeness Limit” indicate the approximate size and
brightness limits above which the asteroid population is essentially completely known. This result is based
upon a preliminary model being used to model ISO observations of a field on the ecliptic equator. The
model contains approximately 2,000,000 main belt asteroids with diameters greater than 1 km. This
diameter cut off will be decreased in order to adequately model SIRTF observations, which will detect main
belt asteroids with diameters of a few hundred meters.   Prepared and provided by E. Tedesco.
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Kuiper Disk and Centaur Objects

As a continuation of the concept of the core sample through the Solar System, SIRTF
studies will i nclude investigations of a newly discovered class of distant objects.  Kuiper
Disk objects (also known as Kuiper Belt Objects [KBO] and Trans-Neptunian Objects
[TNO]) constitute a family of perhaps >105 icy bodies located in a disk that extends from
about 30 to 200 AU from the Sun.  The Kuiper Disk is the origin of the comets of short
period (<200 yr) and low orbital inclination to the ecliptic.  Objects that have been
removed from the Kuiper Disk by gravitational perturbations by Neptune and are now in
orbits that cross those of the giant planets are called Centaurs; about 10 are currently
known.   Of the objects still i n the Kuiper Disk, approximately 200 bodies of estimated
diameter >60 km are known (as of mid-1999); the discovery rate is a few per month.
Kuiper Disk objects are mostly too faint to be seen in reflected sunlight by SIRTF
instruments, but their thermal emission can be detected by MIPS.

The principal science goals are 1) determine the albedos of a representative sample of
Kuiper Disk objects, and 2) determine the thermophysical properties of the same sample.
Determination of the albedo requires nearly simultaneous measurements of reflected
sunlight (from a ground-based telescope) and the thermal flux (say at 70 µm) from
SIRTF.  Measurements of thermophysical properties require observations from SIRTF at
two or three wavelengths near the maximum of the thermal emission peak (~100 µm for a
30 K object) as the body rotates on its axis.
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Fig. 5  The blackbody and reflected light fluxes of several representative Solar System bodies are shown in
relation to the SIRTF sensitivity limits (colored bars in the lower one-half of the figure) for all bands in all
three instruments, 5σ in 500 seconds of integration.  The solid blue bars represent the sensitivity of the four
bands of the Infrared Array Camera (IRAC).  Green bars with vertical stripes are the Infrared
Spectrometer (IRS) bands (the green bar without stripes is the peak-up array for IRS), and the red bands
are for the  Multi -band Imaging Photometer (MIPS).  The red band with vertical stripes is the MIPS
Spectral Energy Distribution (SED) array.  The smaller horizontal bars in the top half of the diagram
represent the corresponding saturation limits for the shortest integration time normally available for the
individual instruments and operating bands.  In some case, work-around schemes will permit observations
of objects that would normally saturate.  Note on objects:  97CU26 is a Centaur object, also known as
10199 Chariklo; 96TP66 is a Kuiper Belt object.  Prepared and provided by John Stansberry.
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For the brightest Centaurs, spectra in the long-low mode of IRS may reveal important
spectral features, particular for the Centaurs (e.g., 5145 Pholus) that show organic
absorption bands in the near-IR.  One Centaur (2060 Chiron) exhibits episodic cometary
activity.  Spectroscopic and thermal observations of Chiron may be useful in
understanding the basic composition and activity mechanisms in this object.

Kuiper Disk objects of diameter >100 km and heliocentric distance 40 AU can be
measured at 70 µm, but not at 24 µm, by MIPS.  Objects of diameter 500 km can be
measured at 70 and 160 µm, but the longer wavelength observations will be strongly
confusion-limited.  The SED mode of MIPS will be very useful for measurements of the
few known objects larger than about 200 km.

A coordinated observing program that would yield a determination of the albedos and
sizes of a sample of ~200 objects would form a fundamental data set for numerous
studies (compositional and dynamical) of this important population of Solar System
bodies.

Operational Issues

Kuiper Disk objects seen at quadrature move very slowly on the stellar background (<2
arcsec/hour, which is the reflex motion of the Earth in its orbit).  Centaurs move only
slightly faster (~6-8 arcsec/hour) because they are closer to Earth.  These objects will
appear serendipitously in deep frames taken for other purposes; their extent outside the
ecliptic is unknown, but some have orbital inclinations of 30 to 40 degrees.

Shadow observations will be needed at least several hours before or after the targeted
observations in order to identify the target with certainty and to remove the possibili ty of
interfering background sources.

Some kind of monitoring procedure is needed to ensure that Kuiper Disk and other
important Solar System objects are not discarded from deep survey frames during
pipeline processing.

Dust Structures in the Solar System

Thermal emission from warm interplanetary dust particles is the strongest source of
diffuse radiation in the mid-IR.  IRAS detected large-scale structures in the zodiacal dust
cloud, including dust bands associated with asteroid families, comet debris trails, and
asymmetries in the spatial distribution, such as an Earth-traili ng dust cloud.  Dust
structures are the key to understanding physical processes involving the sources, sinks,
and dynamical evolution of the Solar System dust cloud.  Moreover, understanding the
influence of larger Solar System bodies on the morphology of the dust cloud is important
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for interpreting the morphology of CS dust disks (warps, gaps, asymmetries) in terms of
perturbations by unseen planets.  SIRTF's large 2-D arrays, with their good angular
resolution, are ideal for studying the structures in the interplanetary dust cloud.  In
addition to being scientifically interesting, these dust structures have to be understood in
order to remove the zodiacal emission foreground from astronomical observations.

A unique feature of the orbit of SIRTF is that it traverses the traili ng dust cloud
embedded in Earth's circumsolar resonance ring. The ring is formed by interplanetary
dust particles in low eccentricity orbits (primarily asteroidal) that spiral in towards the
Sun and and are trapped in the Earth's outer resonances.  The traili ng dust cloud leads to a
3-4% increase in the peak flux of the zodiacal emission, corresponding to 2-3 MJy/sr at
25 µm.  The continuous change in viewing geometry during the SIRTF mission causes
systematic variations in the location, shape, and IR brightness of the traili ng cloud.  By
comparing the predicted variations from a model to the actual observations from SIRTF
we will obtain detailed information on the number density of particles across the traili ng
cloud.  The current models predict that there will as much as 10% change in the north
ecliptic pole flux and that the traili ng/leading asymmetry will reverse at the end of the
mission because SIRTF will t raverse the entire cloud in 5 years.  Therefore, it is
important that the zodiacal cloud  measurements begin in the first year and continue at
regular intervals  throughout the entire SIRTF mission.

Fig. 6   The Earth’s dust ring—figure and caption from  Sumita Jayaraman
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Recent impacts in the Kuiper Disk, or in the asteroid belt, should produce discrete clouds
of dust.  Detection of such clouds (at 70 µm for the Kuiper Disk objects,  24 µm for the
asteroid belt) would yield an estimate of the colli sion rate.

The observations of the zodiacal cloud have to meet two requirements:  absolute
calibration and a large area map, in order to remove the smooth background component
and extract fine structure.  The primary instrument for this purpose is MIPS, with the
zodiacal emission being dominant at 24 and 70 µm. The MIPS AOTs used will be the
Scan Map mode and the Total Power mode.  The total power mode is essential in order to
establish an absolute baseline for monitoring the ecltiptic pole flux during the entire
mission. The absolute flux calibration will also allow us to measure the fine structure and
compare it to models.

A sample observational program would consist of:

1.  Monitor the brightness of the ecliptic poles, every couple of weeks.  A single 2-3
degree scan at each pole is suff icient. The MIPS Total Power mode is needed to measure
the absolute brightness accurately.

2.  Monitor the in-ecliptic brightness at a solar elongation near 90 degrees in the traili ng
and leading directions, achieved with  ±10 degree scans perpendicular to the ecliptic,
approximately once/month.  These scans will not only monitor the background change
due to the ring, but also measure fine structure due to dust bands, and may catch excess at
longer wavelengths due to other extended sources, such as the Kuiper disk, Trojan
clouds, or colli sional debris.

3.  Produce a full pole-to-pole scan near 90 degrees elongation 2-3 times per year.  These
scans will allow us to filter the smooth zodiacal background and measure the time
variation of the flux asymmetry due to SIRTF's changing viewing aspect, as well as to
search for any possible high-latitude dust structures.

Occasional small -area maps in all four IRAC wavebands are also very important for
zodiacal cloud science as they cover the transition from scattered light to thermal
emission of the interplanetary dust particles.

Comet Debris Trails -- Comets are a major source for replenishing the zodiacal dust
cloud. Although the fine particles visible in comet tails are rapidly removed from the
Solar System by radiation pressure, IRAS detected several cometary debris trails
composed of sub-mm sized particles, direct evidence of the replenishment process.  The
long-wavelength channels of SIRTF will be uniquely sensitive to thermal emission from
the relatively large particles  in comet trails, and a large number of trails will be detected;
85% (~140) of all short-period comet trails will be observable during a 2.5 year mission.
In addition to planned MIPS observations for known comets, comet trails can be searched
for in archival data.  This is particularly important for serendipitous detection of trails
that are no longer associated with the parent comets and those resulting from recent
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colli sions in the asteroid belt.  Comparison of the trail brightness in MIPS 24, 70 and 160
µm images will yield the temperature of the grains and an estimate of the total dust mass.

Operational Issues

Synoptic observations of the Earth's dust ring have to begin during  the first year, because
of SIRTF's changing position with respect to the traili ng dust cloud.

The pipeline processing should preserve features such as comet trails, so that researchers
can subsequently search the basic calibrated archives for these and related phenomena.

The MIPS Total Power mode is essential for accurate absolute calibration, in order to
monitor the changing ecliptic pole brightness as SIRTF transits the traili ng dust cloud.
Some means needs to be worked out for making use of this mode early in the mission,
even if the pipeline processing is not yet available.

CIRCUMSTELLAR DUST DISKS AND DEBRIS DISKS

A.  Primordial Disks

It is clear from both observations and theory that formation of a circumstellar (CS) disk is
an integral part of star formation.  Characterizing CS disks surrounding young stellar
objects (YSOs) is key to understanding stellar evolution and the formation of planetary
systems such as our own. SIRTF can make a particularly valuable contribution by
surveying the thermal spectral energy distribution (SED) of the dust in CS disks from 3-
160 µm.   The dust temperature distribution derived from the SED can be related to the
dust density distribution.  For example, the hottest dust (observed from 3-8 µm with
IRAC) traces the innermost regions of the CS dust surrounding a solar-type star
corresponding to the terrestrial planet zone in our Solar System.  Further, a dip in the
SED in the mid-IR (observed with IRS) may signify a gap in the disk caused by a large
orbiting body at the distance of Jupiter.  Finally, the spectral slope and long-wavelength
cutoff determined with MIPS (broad-band and SED mode) tell us about the extent of a
cool, outer disk, as well as allowing an estimate of the dust particle size.  Knowing the
typical particle size is crucial in order to obtain reliable mass estimates of these disks.  In
addition, spectral observations with IRS are of fundamental importance in studying; i) the
energy budget in CS disks (energy dissipated via viscous accretion in the disk mid-plane
versus reprocessed stellar radiation ill uminating the disk surface) by searching for gas or
dust features in emission or absorption; and ii ) tracing the composition and processing
history of dust in circumstellar disks.  For example, searching for the presence of
crystalli ne sili cates allows us to make connections between dust observed in planet-
forming disks around other stars and the dust found in comets in our own Solar System.
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B.  Circumstellar Debris Disks

IRAS detected IR excesses, attributed to cool CS dust, in >100 stars of all spectral types.
These statistics imply that at least 15% of nearby stars have CS dust/debris disks.  The
dust extends to 100 - 1000 AU from the  central star, similar to the Kuiper Disk and inner
Oort Cloud in our Solar System.  Because the li fetime of dust in these systems is short
compared to  the stellar age, the dust must be replenished from larger bodies. A sensitive
survey with SIRTF will give us a much better understanding of the frequency of disks
around main sequence stars, the amount of dust present, and the properties of the dust
(size, temperature).  Science questions include:  What fraction of main sequence stars
have CS dust disks?  How does Ldust/L* depend on spectral type and stellar age?  Are
there many systems similar to our Solar System's Kuiper Disk and Oort Cloud?

Fig. 7    A circumstellar dust disk with a dynamically cleared gap is shown schematically in this figure,
together with the expected thermal emission from each component.  The absence of dust in the inner
regions of the disk can be inferred from the lack of infrared excess emission at shorter wavelengths.  Such a
gap could be due to the presence of a planetary or undetected sub-stellar mass companion, though other
explanations are possible.  Figure from M. Meyer.
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Because the dust excess is manifest at long wavelengths, MIPS is the primary instrument
for these observations.  The nearest systems will be spatially resolved and can be imaged
by MIPS at 24, 70, and 160 µm.  Accurate knowledge of the wings of the PSF is criti cal
for this project.  The MIPS SED mode is also crucial for determining the spatially
resolved SED for these systems, in order to map the dust temperature (hence size).  For
the brighter systems, spectroscopy with IRS will provide information about the dust
composition.  Information about the properties of the dust disks in unresolved systems
depends on how well the contribution from the central star can be subtracted. Accurate
photospheric models, based on ground-based observations at shorter wavelengths, should
be available; however, in practice, the subtraction may be limited by the accuracy of the
SIRTF long-wavelength absolute calibration.

A coordinated program might include 1) imaging of the ~10 brightest nearby systems  2)
survey of the ~ 150 solar-type stars within 20 pc to detect a disk comparable to the
Kuiper Disk and  3) survey of a sample of the ~2000 A stars within 100 pc to detect β
Pictoris type disks.

Operational Issues

The PSF will be the limiti ng factor in detection of faint disks. The community will need
predictions and preliminary data on the instrumental PSFs prior to the call for Legacy
proposals, in order for proposers to evaluate the feasibili ty of their observing programs.
The faint wings of the PSF need to be carefully measured after launch.

Saturation is a potential problem when observing a faint disk surrounding a bright star.
The instrumental effects of saturation, latent images, recovery time, etc. need to be well
understood by the instrument teams and publicized to the user community so that the
most effective observing strategies can be planned.  There is also a concern as to how
saturated data will be treated in the pipeline processing.

Calibrated 15 µm imaging with the IRS peakup array is very desirable, to fill i n the gap
in spectral imaging coverage between IRAC and MIPS.

Recommendations

Aspects of SIRTF operations, as they affect specific types of observations, have been
discussed in the previous sections. Here, we summarize the major issues and present our
recommendations to the SIRTF Project and SIRTF Science Center.

1. Ephemerides for Solar System Objects

Accurate ephemerides are, of course, essential for finding and tracking Solar System
objects. JPL's Solar System Dynamics Group has been a reliable source of ephemerides
for the planetary science community and we recommend that the SSC establish an
agreement with the Solar System Dynamics Group to provide the ephemerides for SIRTF
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observations.  The SSC will need a close cooperation with the Solar System Dynamics
Group to ensure that ephemerides can be quickly provided for newly discovered targets
and to incorporate late up-dates.  Discussions should begin soon, to ensure that they will
be ready to support SIRTF, including pre-launch planning.

Users need to have access to the ephemerides and the orbital elements on which they are
based, or to supply orbital elements from which ephemerides can be generated.

2. Fixed Time Observations

We strongly endorse the Project's plan to provide the capabili ty for scheduling fixed time
observations.  This is particularly important for planetary satellit es that are moving
rapidly with respect to the planet. It will also greatly simpli fy the process of providing
accurate positions for all moving objects, and for coordinating criti cal, near-simultaneous
Earth-based observations.

3. Acquisition and Tracking of Moving Targets

It is important to implement the capabili ty for IRS peakup on a stationary source and
offset to a moving target.  Some targets may be too bright, too faint, or too extended (e.g.,
a comet coma) for accurate peakup on the target itself.

We recommend that full verification of the tracking capabiliti es for moving objects be
carried out during the on-orbit checkout, especially for rates >0.1 arcsec/sec.

Because of the potential for confusion by background infrared sources, the capabili ty will
be needed to repeat the observations of a moving target along the identical track after the
target has moved (shadow observations).

4. PSF and Scattered Light

The PSF and scattered light will be limiti ng factors in detecting circumstellar disks and
will also determine how close to the planet any satellit es can be observed.

We recommend that predictions and preliminary data on the PSF and scattered light be
disseminated to the community prior to the call for Legacy Science proposals, so that
proposers may evaluate the feasibili ty of their observing programs.  These data should
include instrument plus telescope.

The PSF and scattered light for each instrument -- especially the faint wings -- need to be
well -characterized at all orientations during the on-orbit checkout.

If there is no plan to monitor the PSF regularly during the mission, then we recommend
that procedures be defined to allow users to request PSF measurements in conjunction
with their observations.
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5. Deferred AOTs

The MIPS SED mode, the MIPS total power mode, and the IRS scan mode are all
important for Solar System and CS disk investigations.

We strongly support the SSC plan to make these modes available during the first year for
Legacy Science and for any other programs depending on a 5-year baseline.

A delay beyond this time frame would seriously impact coordinated programs for
measuring the long-wavelength SED of CS disks and cool Solar System objects, for
example, and for delineating the extent of the Earth's traili ng dust cloud (MIPS total
power mode).

We recommend that, because of the importance of establishing an early baseline,
measurements of the local zodiacal emission be performed early in the mission, as part of
the MIPS total power mode commissioning.

6. Instrumental Saturation

Saturation is a potential problem, not only for bright objects such as the planets or a
bright comet, but also for observations of faint dust surrounding a bright source, where a
wide dynamic range is needed.

It became apparent at the Workshop that the instrument teams were using different
definitions of saturation, and had not yet fully explored the effects of saturation during an
observation.

We recommend that the instrumental effects of saturation, latent images, recovery time,
etc., be fully investigated by the instrument teams and publicized to the user community
so that the most effective observing strategies can be planned.  Also, the use of the
nonlinear region before reaching full well capacity should be explored.

We recommend that the saturation characteristics of the instruments be verified during
on-orbit checkout.

The user community also needs to know how saturated data will be treated in the pipeline
processing.  Will saturated data be flagged?  And how will a user know whether his/her
data were affected by instrumental saturation during a previous user’s observation?

We recommend that corrections for non-linearity in the detector responses be included in
the pipeline processing, in order to maximize the accessible dynamic range.
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7. Instrument Changeovers

One of the common characteristics of Solar System objects is their temporal variabili ty.
The community has identified a number of scientific investigations that involve more
than one SIRTF instrument.  Such observations need to be carried out as close in time as
possible, to limit the changes due to object variabili ty.  It is our understanding that, in
general, these observations can be scheduled adjacent to the instrument changeovers.

The time required to change instruments, under normal operations, needs to be
understood and publicized to the user community and ways to minimize the changeover
time, consistent with managing helium consumption and other constraints, need to be
considered.

We recommend that, in the AOR process, there should be a way to link observations with
more than one instrument and to set a flag for cases where such observations need to be
performed within a few hours, and that this information be transmitted to the scheduler.

Comet Encke presents a special case: The comet will make a close (0.2 AU) pass by
SIRTF in November 2003.  Observations with all three instruments in rapid succession
(within a few hours) are neccessary to realize the science from this unique opportunity.

We endorse the SSC's intention to support the rapid instrument changeovers for the
Encke encounter.

8. Instrument-Related Concerns

The planetary science community is gratified that all of the SIRTF capabiliti es will be
available for moving target observations.

IRS peakup array:  Performance of the peakup array needs to be well -understood.  Can
the peakup algorithm handle an extended source whose brightness is inversely
proportional to the distance from the brightness peak (e.g., a comet)?  Will the peakup
algorithm work if the central source is saturated?  Can one peak up on a fixed source and
offset to a moving target?

IRS scans: A means of performing simple raster scans (step/integrate) with IRS is
needed, until the scan mode AOT is available.  Because the long-low and short-low slit
orientations are so different, acquiring a spectrum of any extended source requires
scanning.

IRS fringes: How will defringing of IRS data be handled in the pipeline data processing?

IRS 15 µm images: Calibrated 15 µm images from the IRS peakup array  are desirable to
fill t he gap between IRAC and MIPS imaging.
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IRAC dithering: The user community needs to understand dithering strategies better.
Will t here be a visualization tool?  How will dithering be treated by the time estimator
tool?  How can IRAC resolution be optimized?

9. Target-of-Opportunity Planning

Several new comets will li kely appear over the li fetime of SIRTF.  Close approaches of
near Earth asteroids are also anticipated. Procedures for responding to targets of
opportunity need to be clearly defined.

We recommend that target-of-opportunity teams for specified classes of objects (e.g.
comets, NEOs, novae...) be formed in advance, through the normal proposal and peer-
review process. This approach worked well for ISO.

Procedures for obtaining and uplinking the latest ephemerides of newly discovered Solar
System objects should be worked out in advance.

The scientific community needs to recognize that new comets discovered at large
heliocentric distance may be more appropriate targets than bright comets at small R.  For
example, the inner coma of comet Hale-Bopp would generally be too bright to observe.

10.  Long-Term Monitoring Programs

Certain scientific objectives require long-term monitoring of phenomena that may change
on monthly or yearly time scales.  Examples include seasonal changes on Uranus as the
northern hemisphere comes into view; the changing brightness of Earth’s traili ng dust
cloud as SIRTF moves through it; and temporal changes in the spectra of circumstellar
disks with variable dust obscuration.

We recommend that consideration be given to the approval of long-term projects
requiring observations over several proposal cycles on the basis of a single initial
proposal, followed in subsequent proposal cycles by progress reports.

We also note that some programs will require observations in the first year of the SIRTF
mission in order to establish a baseline for subsequent data.

11. Calibration

A number of science goals depend on accurate absolute calibration at long wavelengths.
The user community needs to be well -informed about the calibration plans for SIRTF.
Calibration-related recommendations from this Workshop are:

   -Articulate the calibration strategy and seek input from the community

   -Use faint sources as well as bright sources for calibration
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    -Conduct an appropriate program on large telescopes to expand the existing lists of
calibration objects

   -Explore the possibili ty of asteroid calibrators at long wavelengths, using the latest
models

   -Give users access to the pipeline calibration files

   -Define and publicize how calibration updates will be handled

   -Establish coordination between SIRTF and SOFIA

There is also a concern about how to maintain a consistent data base  on a long-term
project if the calibration is updated during the mission.

12. Serendipitous Detections

Many Solar System objects will show up in images taken for other purposes. Searching
such images will be a valuable means of improving statistics on Kuiper Disk objects and
other small Solar System bodies.

We recommend that the pipeline processing scheme preserve features such as comet
trails, so that researchers can subsequently search the basic calibrated archives for these
and related phenomena.

13. Planning Tools

As part of the planning and visualization tools available on the Web, we recommend
including the availabili ty windows for Solar System objects, visualization tools for
projecting an object's orbit on the sky, and a projection of the SIRTF focal plane, to
identify slit and scan orientations.  These tools need to be available for the Legacy
proposal call .

Acknowledgments: We sincerely thank the scientists and engineers of the SIRTF Science
Center, the SIRTF Project, and the instrument teams for their highly effective preparation
and participation in the Dana Point workshop.  In particular, Dr. Peter Eisenhardt (JPL)
and Dr. Deborah Levine (SSC) helped to organize the presentations and the overview
document.  We also thank all the scientists who attended, made presentations, and
participated in the discussions, for their  important contributions to the eventual highly
effective use of SIRTF and to the substance of this report.  Dr. Michael Bicay of the SSC
provided invaluable logistical and organizational support.  Our Scientific Organizing
Committee offered valuable assistance in defining the scientific program. We express our
thanks to Ms. Janet Whitener, Dr. Donald Davis, and the staff and volunteers of the San
Juan Institute/Planetary Science Institute for their supporting role in making the
workshop an effective and pleasant enterprise.

October 1999



28

===============================================================


